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Application of GGE biplot in spring wheat yield stability analysis in
rainfed areas of China

CHANG Lei', CHAI Shou-Xi'?

(1. College of Life Science and Technology, Gansu Agricultural University, Lanzhou 730070, China;
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Abstract GGE (genotype main effect and genotype-environment interaction) biplot analysis is a method based on principal com-
ponent analysis (PCA) for the effective exploration of multi-environment trials (METs). It allows visual understanding of geno-
type-environment interaction (GxE-interaction), cultivar yield stability for each mega-environment, and test-location suitability.
Grain yields of 9 spring wheat genotypes (cultivars or lines) tested at 17 national spring wheat regional test sites under rainfed condi-
tions in 2005 were analyzed via GGE biplot and AVONA methods. The results show that GXE-interaction effect is 5.4 times of geno-
typic effects for grain yield. The stability of different genotypes varies greatly, and genotypes with high yield and yield stability ac-
count for only 11% of the total tested genotypes, though some genotypes are specifically adaptable to certain environments. The 17
test-sites are broadly classified into three environments. Accordingly, “8821-1-1" and “longchun 9143 spring wheat are the best
genotypes for arid regions of the Loess Plateau, “qingchun193” and “wumai 7” are the best genotypes for arid and cold regions of the
Tibetan Plateau, and arid regions of North China, respectively. Based on discrimination ability and environmental representativeness,
two ideal test-sites, Yuzhong County of Gansu Province and Huzhu County of Qinghai Province are proposed for spring wheat variety
regional test. Grain yield is more closely correlated with precipitation during growing season than the other six environment factors.
Key words Spring wheat, Rainfed area, Regional test, GGE biplot, Genotypexenvironment interaction, Yield stability, High
yielding ability, Geneotype adaptability
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Tab. 1 Mean grain yield of all cultivars (lines) and environment factors across all sites of national spring wheat regional test in rainfed areas

Site Code  GY (kg-hm?) CV (%) PR (%) Longitude Latitude Altitude (m)

( ) Dingxi (Gansu) El 3730.50 20.94 85.68 104°36' 35°24' 1920
( ) Huining (Gansu) E2 2 340.00 21.44 133.44 105°20" 35°29' 2 050
( ) Nongda (Gansu) E3 495.00 7.87 40.79 104°50" 35°55' 1 840
( ) Yongjing (Gansu) E4 1 840.50 12.20 58.65 102°53' 35°47" 1900
( ) Yuzhong (Gansu) E5 4 600.50 13.00 52.80 104°10" 35°52' 1900
( ) Bashang (Hebei) E6 2 760.00 18.23 57.00 114°42' 41°09' 1393
( ) Wuchuan (Inner Mongolia) E7 447.00 9.54 40.24 111°20’ 41°16' 1 600
( ) Zhuozi (Inner Mongolia) E8 1 650.00 14.25 46.74 112°42’ 41°01" 1650
( ) Guyuan (Ningxia) E9 744.00 13.60 123.15 106°16' 36°06' 1753
( ) Xiji (Ningxia) E10 2 941.50 15.82 63.21 105°43' 35°48' 1890
( ) Datong (Qinghai) Ell 6 424.50 14.88 59.66 101°33' 36°52' 2738
( ) Huzhu (Qinghai) E12 3264.00 17.04 62.81 102°09' 37°11" 2 500
( ) Datong (Shanxi) E13 2257.50 11.30 45.24 113°20’ 40°05' 1067
( ) Yulin (Shaanxi) El4 1 069.50 10.99 41.01 109°58' 38°19' 1147
( ) Rikaze (Tibet) El15 1 866.00 27.63 154.36 84°42’ 29°20' 3837
) Shannan (Tibet) El6 2 785.50 17.57 76.61 91°50’ 28°55' 3650

( ) Qitai (Xinjiang) E17 2 883.00 12.19 45.29 89°13’ 43°25' 950

=10C
Site Code GP (mm) AP (mm) ASH (h) AT ('C) AAT (C) FFD (d)

( ) Dingxi (Gansu) El 317.0 425.1 2 500 6.3 2239 130
( ) Huining (Gansu) E2 296.6 433.0 2525 6.5 2088 136
( ) Nongda (Gansu) E3 98.9 340.0 2550 7.2 2812 150
( ) Yongjing (Gansu) E4 161.3 324.0 2528 9.0 3185 152
( ) Yuzhong (Gansu) E5 349.9 406.7 2 666 6.6 2308 138
( ) Bashang (Hebei) E6 309.1 400.0 2900 5.6 2500 113
( ) Wuchuan (Inner Mongolia) E7 200.7 300.0 2963 2.6 1979 97
( ) Zhuozi (Inner Mongolia) E8 243.3 380.0 2900 3.0 1998 109
( ) Guyuan (Ningxia) E9 130.2 410.0 2 500 6.2 2750 140
( ) Xiji (Ningxia) E10 216.1 350.0 2322 5.3 2704 125
( ) Datong (Qinghai) Ell 409.0 450.0 2 685 2.8 2098 120
( ) Huzhu (Qinghai) El12 451.1 580.0 2612 3.2 2220 115
( ) Datong (Shanxi) E13 197.2 391.5 2 605 6.4 2 805 145
( ) Yulin (Shaanxi) El4 93.0 413.9 2 879 8.1 3732 164
( ) Rikaze (Tibet) E15 273.0 422.4 3000 5.8 2 081 115

) Shannan (Tibet) El6 289.0 482.0 2938 8.2 2289 131

( ) Qitai (Xinjiang) E17 76.0 350.0 3035 4.4 3123 150

GY: Grain yield per unit area; CV: Coefficient of variation; PR: Percentage of range, PR =( max.— min.) /
min. x 100%; GP: Precipitation in growing season; AP: Annual precipitation; ASH: Annual sunshine hours;

AT: Mean annual temperature; AAT: =10 C Annual accumulated temperature (=10 C); FFD: Frost-free days.

The same below.
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Tab. 2 Mean grain yield of spring wheat cultivars (lines) across all sites of national spring wheat regional test in rainfed areas in 2005

Cultivar( (li)ne) Code of c(ulti)var (line) Mean grain yield (kg - hm™) Breeding institute
417-20 Gl 2339.23¢CD
87 (15) G2 2 178.44dE
8821-1-1 G3 2 451.24bBC
2 Xihan No. 2 G4 2 666.42aA
35 Dingxi 35 (CK) G5 2513.04bB
437 Gaoyuan 437 G6 2 545.11bAB
9143 Longchun 9143 G7 2 658.18aA
193 Qingchun 193 G8 2 674.00aA
7 Wumai No. 7 G9 2261.32¢dDE
Average 2 476.33
CV (%) 7.40

() 0.01  0.05 R LSD Different capital and
small letters following the mean grain yields show significant difference among cultivars (lines) at 0.01 and 0.05 levels based on LSD method.
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Tab.3 Combined analysis of yield variance of 9 spring wheat cultivars (lines) tested in 17 sites of national spring wheat regional
test in rainfed areas

Source of variation Degree of freedom (DF)  Sum of squares (SS)  Contribution percentage to SS (%) Mean square (MS) F

Total 458 1129 883 681.41 2 466 994.94
Treatment 152 1 096 995 273.05 7217 074.16 67.149 0™
Genotype (G) 8 13 706 289.89 1.25 1713 286.24 15.940 7"
Environment (E) 16 1009 741 360.22 92.05 63 108 835.01 587.176 6"
(G><E) 128 73 547 622.94 6.70 574 590.80 534617

Error 306 32 888 408.36 107 478.46

** 1% Significance is at 1% probability; The same below.
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Fig. 1 Average-environment coordination (AEC) view show-
ing the mean yield performance and stability of different culti-
vars (lines) tested in 17 sites of national spring wheat regional
test in rainfed areas ( 2
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Fig. 2 Polygon view of GGE-biplot indicating the best culti-
vars (lines) in each environment and groups of environments of ; G9 Gl G2 ,
17 sites of national spring wheat regional test in rainfed areas
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Fig. 3 Comparisons of tested cultivars (lines) with the ideal cultivar (the center of the concentric circles) for both mean yield and
yield stability (a), and of tested environments with the ideal environment based on both discriminating ability and representativeness
of environment (b) across all sites of national spring wheat regional test in rainfed areas
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Tab. 4 Analysis of correlation between spring wheat agronomic traits and environment factors across 17 sites of national spring

wheat regional test in rainfed area

GY Altitude GP AP ASH AT AAT FFD KPS TKW GD SPU
Altitude  0.256
GP 0.709™  0.515
AP 0.436 0.496" 0.699"
ASH  -0.131 0.115 -0.095 -0.030
AT —0.248 0.043 -0.373 -0.098  —-0.234
AAT  —0311  —0.524" -0.718"  -0295  —0.086  0.564"
FFD -0.141  -0.350 -0.582°  —0.144  -0256  0.7357  0.833"
KPS 0.680"  0.470 0.575" 0.371 0.130  —0.123 -0.360  -0.277
TWK 0.552"  0.422 0.541" 0279  -0.195  0.067 -0.438 -0.265  0.719"
GD 0.453 0.895" 0.595" 0.420 0.141  -0.205  -0.530" —0.455  0.625  0.411
SPU 0.707"  0.060 0.614"™ 0.287  —0.080 —0.143 —-0.204  —0.094  0.393 0230  0.267
PH 0.881"  0.330 0.641" 0.533"  —0.181 0.008 0236  -0.009  0.7707  0.735" 0.408  0.632"
Altitude: ; KPS: Kernels per spike; TKW: Thousand-kernel weight; GD: Growth duration; SPU:
Spike number per unit area; PH: Plant height. * 5% Significance is at 5% probability.
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